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(54) PLANT CULTIVATION METHOD AND PLANT CULTIVATION DEVICE

(57)  Provided is a plant cultivation method that,
through the efficient supply of a required gas to the leaf
surface, promotes plant growth and improves plant qual-
ity; also provided is a plant cultivation device. The plant
cultivation method uses a nutrient liquid supply device
(10) that supplies a nutrient liquid to a plant, a fine bub-
ble-generating device (20) that feeds a gas in the form
of fine bubbles into the nutrient liquid supplied from the
nutrient liquid supply device (10), a spraying device (30)
that converts the fine bubble-containing nutrient liquid
into a mist, and a control device (40). The plant cultivation
method carries out plant cultivation by supplying the nu-
trient liquid in mist form, and comprises a first step in
which an oxygen-containing gas is supplied as the gas
into the nutrient liquid and the fine bubble-containing nu-
trient liquid is sprayed on the leaf surface of a plant, and
a second step in which, after the first step, a carbon di-
oxide-containing gas is supplied as the gas into the nu-
trient liquid and the fine bubblecontaining nutrient liquid
is sprayed on the leaf surface of the plant.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a technique of
a plant cultivation method and a plant cultivation device,
and more particularly to a technique of a plant cultivation
method and a plant cultivation device that carries out
plant cultivation by supplying a nutrient liquid in mist form.

BACKGROUND ART

[0002] Conventionally, there are known a plant culti-
vation method and a plant cultivation device that use an
irrigation system for automatically irrigating a plant to in-
termittently supply a nutrient liquid necessary for plant
growth to the plant (See, for example, Patent Literature
1.). In such a plant cultivation device and a plant cultiva-
tion method that intermittently supply a nutrient liquid to
a plant, a method is known in which in order to realize
an optimum environment for plant growth, the environ-
mentin the culture soil at the time of supplying the nutrient
liquid is focused on and a gas such as air is supplied into
the culture soil at the time of supplying the nutrient liquid
(See, for example, Patent Literature 1.).

[0003] However, in a case where a gas such as air is
supplied into the culture soil, the amount of oxygen taken
in from the roots is limited. In contrast, a plant frequently
takes in carbon dioxide for photosynthesis or takes in
oxygen for respiration in the vicinity of pores in the leaf
surface. For this reason, it has been desired to supply a
gas such as air to the vicinity of pores in the leaf surface.

CITATION LIST
PATENT LITERATURE

[0004] Patent Literature 1: JP-A2019-118332 Gazette

SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0005] Therefore, in view of the above problems, an
object of the present invention is to provide a plant culti-
vation method and a plant cultivation device that, through
the efficient supply of a required gas to the leaf surface,
promote plant growth and improve plant quality.

SOLUTIONS TO PROBLEMS

[0006] The problems to be solved by the present in-
vention are as described above, and means for solving
the problems will be described below.

[0007] That is, the present invention provides a plant
cultivation method that uses a nutrient liquid supply de-
vice which supplies a nutrient liquid to a plant, a fine bub-
ble-generating device which feeds a gas in the form of
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fine bubbles into the nutrient liquid supplied from the nu-
trient liquid supply device, a spraying device which con-
verts the fine bubble-containing nutrient liquid into a mist,
and a control device which controls the nutrient liquid
supply device, the fine bubble-generating device, and
the spraying device and carries out plant cultivation by
supplying the nutrient liquid in mist form, the plant culti-
vation method including:

afirst step in which an oxygen-containing gas is sup-
plied as the gas into the nutrient liquid and the fine
bubble-containing nutrient liquid is sprayed on the
leaf surface of a plant; and

a second step in which, after the first step, a carbon
dioxide-containing gas is supplied as the gas into
the nutrient liquid and the fine bubble-containing nu-
trient liquid is sprayed on the leaf surface of the plant.

[0008] The present invention may further include a
third step in which an ozone-containing gas is supplied
as the gas into the nutrient liquid and the fine bubble-
containing nutrient liquid is sprayed on the leaf surface
of the plant.

[0009] Furthermore, the present invention includes a
nutrient liquid supply device that supplies a nutrient liquid
to a plant, a fine bubble-generating device that feeds a
gas in the form of fine bubbles into the nutrient liquid
supplied from the nutrient liquid supply device, aspraying
device that converts the fine bubble-containing nutrient
liquid into a mist, and a control device that controls the
nutrient liquid supply device, the fine bubble-generating
device, and the spraying device,

the control device controlling the nutrient liquid sup-
ply device, the fine bubble-generating device, and
the spraying device so as to carry out

afirst step in which an oxygen-containing gas is sup-
plied as the gas into the nutrient liquid and the fine
bubble-containing nutrient liquid is sprayed on the
leaf surface of a plant, and

a second step in which, after the first step, a carbon
dioxide-containing gas is supplied as the gas into
the nutrient liquid and the fine bubble-containing nu-
trientliquid is sprayed on the leaf surface of the plant.

[0010] The present invention may further include a
supply pipe, and

the fine bubble-generating device may be configured to
be detachable from a middle portion of the supply pipe.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011]
lows.

[0012] In the present invention, oxygen necessary for
respiration and carbon dioxide necessary for photosyn-
thesis are contained in the form of fine bubbles in the
nutrient liquid in mist form sprayed on the leaf surface,

The effects of the present invention are as fol-
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whereby plant growth can be promoted and plant quality
can be improved.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1 is a schematic front view illustrating a plant
cultivation device according to one embodiment of
the present invention.

FIG. 2 is a partial front cross-sectional view illustrat-
ing a bubble-generating medium according to one
embodiment of the present invention.

FIG. 3 is a block diagram illustrating a control device
according to one embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENT

[0014] Next, an embodiment of the invention will be
described.
[0015] First, an overall configuration of a plant cultiva-

tion device 1 according to an embodiment of the present
invention will be described with reference to FIG. 1.
[0016] As illustrated in FIG. 1, the plant cultivation de-
vice 1 includes culture soil 50 in which a plant is planted,
a nutrient liquid supply device 10 that supplies a nutrient
liquid to the plant, a fine bubble-generating device 20 that
feeds a gas in the form of fine bubbles into the nutrient
liquid supplied from the nutrient liquid supply device 10,
a spraying device 30 that converts the fine bubble-con-
taining nutrient liquid into a mist, a control device 40 (see
FIG. 3) that controls the nutrient liquid supply device 10,
the fine bubble-generating device 20, and the spraying
device 30, and an environment measurement sensor
group 60 (see FIG. 3) that includes a plurality of sensors
for measuring environmental values such as temperature
and humidity in the culture soil 50.

[0017] The plant cultivation device 1 is a device for
growing a plant in the culture soil 50. In lieu of the culture
soil 50, a water tank may be used when hydroponic cul-
tivation is carried out. Further, the culture soil 50 may be
filled in a cultivation container, or may be used in a field.
[0018] The nutrient liquid supply device 10 is a device
that supplies the nutrient liquid to the spraying device 30,
and includes a nutrient liquid tank 11, a supply valve 12,
and a supply pipe 13. As illustrated in FIG. 3, the supply
valve 12 is connected to the control device 40. The supply
pipe 13 is connected to the spraying device 30, and is
configured to be able to supply the nutrient liquid to the
spraying device 30 through the supply pipe 13 when the
supply valve 12 is opened. As the nutrient liquid, for ex-
ample, water in which a liquid fertilizer or the like is dis-
solved is used.

[0019] The fine bubble-generating device 20 is a de-
vice that generates fine bubbles in the nutrient liquid. The
fine bubbles are fine bubbles which each have a diameter
of several hundred nm to several pm, and do not float
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on the water surface but continue to exist in the nutrient
liquid. In addition, the fine bubbles have a property of
generating a very high interfacial tension. Interfacial ten-
sion is generated between the fine bubbles and the liquid
phase including the base fluid or the like, and the fine
bubbles are more likely to become smaller by pressure.
The fine bubble-generating device 20 includes an oxygen
storage container 21 that stores oxygen to be fine bub-
bles, a carbon dioxide storage container 22 that stores
carbon dioxide to be fine bubbles, a first regulating valve
23 that regulates a supply amount from the oxygen stor-
age container 21, a second regulating valve 24 that reg-
ulates a supply amount from the carbon dioxide storage
container 22, a gas passage 25 through which a gas
passes, and afine bubble-generating medium 26 for gen-
erating fine bubbles of a gas sent from the gas passage
25 in the nutrient liquid.

[0020] The oxygen storage container 21 is a container
that stores oxygen in a high pressure state.

[0021] The carbon dioxide storage container 22 is a
container that stores carbon dioxide in a high pressure
state.

[0022] The first regulating valve 23 is a valve that reg-
ulates the pressure of oxygen stored in the oxygen stor-
age container 21 by the opening degree of the valve. As
illustrated in FIG. 3, the first regulating valve 23 is con-
nected to the control device 40, and the opening degree
thereof is controlled by the control device 40.

[0023] The second regulating valve 24 is a valve that
regulates the pressure of carbon dioxide stored in the
carbon dioxide storage container 22 by the opening de-
gree of the valve. As illustrated in FIG. 3, the second
regulating valve 24 is connected to the control device 40,
and the opening degree thereof is controlled by the con-
trol device 40.

[0024] The gas passage 25 includes a passage con-
nected to the oxygen storage container 21 side, a pas-
sage connected to the carbon dioxide storage container
22 side, and a passage communicating with the two pas-
sages and communicating with the bubble-generating
medium 26.

[0025] The fine bubble-generating medium 26 is made
of a carbon-based porous material, and as illustrated in
FIG. 2, has a large number of fine pores 26A which each
have a diameter of several um to several tens um. The
bubble-generating medium 26 is a conductor, and the
bubbles generated from the bubble-generating medium
26 are negatively charged. In other words, while fine bub-
bles are passing through the bubble-generating medium
26, which is a conductor, free electrons are added to the
fine bubbles, so that the fine bubbles are negatively
charged. Due to the negative charges, the bubbles repel
each other and are prevented from coalescing into large
bubbles.

[0026] The bubble-generating medium 26 is config-
ured to be detachable from a middle portion of the supply
pipe 13. For example, by replacing part of the supply pipe
13 with a unit in which the bubble-generating medium 26
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is disposed in a pipe having the same pipe diameter, the
bubble-generating medium 26 can be easily attached in-
side the existing supply pipe 13.

[0027] The carbon-based porous materialis acompos-
ite material containing only carbon or carbon and ceram-
ic, and is an inorganic material. A film having a thickness
of several nm is formed on the surface of the carbon-
based porous material. The film is formed of an inorganic
film containing silicon.

[0028] The spraying device 30 is a device that sprays
the fine bubble-containing nutrient liquid supplied from
the fine bubble-generating device 20 on the leaf surface
in mist form.

[0029] Inthe presentembodiment, the spraying device
30 is configured as an atomization device that sprays the
compressed nutrient liquid from a nozzle to produce a
mist. The spraying device 30 is provided at least above
the culture soil 50. Preferably, the spraying device 30 is
arranged at a position higher than the height of the plant.
As illustrated in FIG. 3, the spraying device 30 is con-
nected to the control device 40, and the spraying time
and the spray amount of the nutrient liquid is controlled
by the control device 40.

[0030] Water droplets in mist form sprayed from the
spraying device 30 each have a particle diameter of sev-
eral tens pm to several hundred pm, and contain fine
bubbles therein.

[0031] The control device 40 is a device that controls
the spray amount of the nutrient liquid, the spraying time,
and the type and amountofthe fine bubbles. Asillustrated
in FIG. 3, the control device 40 is connected to the envi-
ronmentmeasurement sensor group 60 on the input side.
[0032] The environment measurement sensor group
60 is a sensor group that measures the moisture content
in the culture soil 50, the humidity around the plant, and
the temperature. The environment measurement sensor
group may include an atmospheric pressure sensor, an
ozone concentration sensor, a PH sensor, and the like
in addition to a temperature sensor and a humidity sen-
sor.

[0033] Next, a plant cultivation method using the plant
cultivation device 1 will be described.

[0034] Moisture and nutrients are given to the plant
planted in the culture soil 50 by nutrient liquid spraying.
The control device 40 controls the nozzle opening of the
spraying device 30 to switch spraying of the nutrient lig-
uid. For example, in a case where the ambient temper-
ature measured by the environment measurement sen-
sor group 60 is equal to or higher than a predetermined
temperature and the ambient humidity is equal to or lower
than a predetermined ratio, the nozzle is opened to spray
the nutrient liquid. The nutrient liquid is sprayed from
above the plant. As a result, the nutrient liquid in mist
form is easily attached to the leaf surface of the plant.
Fine water droplets of the nutrient liquid that is attached
aggregate into water droplets of about several mm to
several cm, and fine bubbles are contained in the water
droplets without being ruptured.
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[0035] In addition, in a case where the nutrient liquid
is not sprayed or in a case where the fine bubble-gener-
ating device 20 is maintained, supply of the nutrient liquid
can be stopped by causing the control device 40 to close
the supply valve 12.

[0036] As a first step of nutrient liquid spraying, a gas
containing oxygen is supplied into the nutrient liquid, and
the fine bubble-containing nutrient liquid is sprayed on
the leaf surface of the plant. In the first step, the control
device 40 increases the opening degree of the first reg-
ulating valve 23 to cause the bubble-generating medium
26 to dissolve oxygen in the form of fine bubbles into the
nutrient liquid. That is, by making the nutrient liquid con-
tain oxygen necessary for respiration of plants in the form
of fine bubbles, a nutrient liquid rich in oxygen is gener-
ated. By spraying the nutrient liquid rich in oxygen on the
leaf surface, the oxygen concentration near the leaf sur-
face locally increases. Thus, the respiratory activity of
the plant is activated and growth is promoted.

[0037] Note thatitis preferable that the timing of start-
ing supply of oxygen is the same as the timing of starting
supply of the nutrient liquid in the first step; however, it
is not always necessary that the timings match.

[0038] As asecond step of the nutrient liquid spraying,
a gas containing carbon dioxide is supplied into the nu-
trient liquid, and the fine bubble-containing nutrient liquid
is sprayed on the leaf surface of the plant. In the second
step, the control device 40 increases the opening degree
of the second regulating valve 24 to cause the bubble-
generating medium 26 to dissolve carbon dioxide in the
form of fine bubbles into the nutrient liquid. The opening
degree of the nozzle of the spraying device 30 is in-
creased. As aresult, the average particle diameter of the
nutrient liquid in mist form becomes about several hun-
dred pm. That is, by making the nutrient liquid contain
carbon dioxide necessary for photosynthesis of plants in
the form of fine bubbles in the nutrient liquid, the concen-
tration of carbon dioxide near the leaf surface is locally
improved. Therefore, the nutrient liquid in mist form ac-
tivates the photosynthesis activity of the plant and pro-
motes growth of the plant.

[0039] Note thatitis preferable that the timing of start-
ing supply of carbon dioxide is the same as the timing of
starting supply of the nutrient liquid in the second step;
however, it is not always necessary that the timings
match.

[0040] The order of the first step and the second step
may be reversed. The time required for each step may
also be changed.

[0041] As a further step, a gas containing ozone may
be supplied into the nutrient liquid, and the fine bubble-
containing nutrient liquid may be sprayed on the leaf sur-
face of the plant. In this step, ozone is generated from
oxygen by using an ozone generating device 70 which
is separately provided. Note that this step may be per-
formed before or after the first step or the second step.
Thatis, itis possible tofirst supply a gas containing ozone
into the solution in order to improve soil, and it is also
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possible to supply a gas containing ozone into the solu-
tion after the second step in order to carry out pest control
and prevent disease.

[0042] As illustrated in FIG. 1, the ozone generating
device 70 is provided in a middle portion of the gas pas-
sage 25. The ozone generating device 70 is a device that
generates ozone by applying energy to oxygen by silent
discharge. As illustrated in FIG. 3, the ozone generating
device 70 is connected to the control device 40. The con-
trol device 40 increases the opening degree of the first
regulating valve 23 to supply oxygen into the gas passage
25. In the ozone generating device 70, energy is applied
to oxygen in the gas passage 25 to convert oxygen into
ozone, and ozone is sent to the bubble-generating me-
dium 26. The bubble-generating medium 26 causes
ozone to be dissolved in the form of fine bubbles in the
nutrient liquid. The ozone concentration in the nutrient
liquid is preferably 10 ppm to 20 ppm. That is, by making
the nutrient liquid contain ozone necessary for sterilizing
various bacteria attached to plants in the form of fine
bubbles, the concentration of ozone near the leaf surface
is locally improved. Therefore, various bacteria attached
to the leaf surface of the plantare sterilized, and diseases
and the like can be prevented.

[0043] As described above, provided is the plant culti-
vation method that uses the nutrient liquid supply device
10 which supplies a nutrient liquid to a plant, the fine
bubble-generating device 20 which feeds a gas in the
form of fine bubbles into the nutrient liquid supplied from
the nutrient liquid supply device 10, the spraying device
30 which converts the fine bubble-containing nutrient lig-
uid into a mist, and the control device 40 which controls
the nutrient liquid supply device 10, the fine bubble-gen-
erating device 20, and the spraying device 30 and carries
out plant cultivation by supplying the nutrient liquid in mist
form, the plant cultivation method including: the first step
in which an oxygen-containing gas is supplied as the gas
into the nutrient liquid and the fine bubble-containing nu-
trient liquid is sprayed on the leaf surface of a plant; and
the second step in which, after the first step, a carbon
dioxide-containing gas is supplied as the gas into the
nutrient liquid and the fine bubble-containing nutrient lig-
uid is sprayed on the leaf surface of the plant.

[0044] With such a configuration, oxygen necessary
for respiration and carbon dioxide necessary for photo-
synthesis are contained in the form of fine bubbles in the
nutrient liquid in mist form sprayed on the leaf surface,
whereby plant growth can be promoted and plant quality
can be improved.

[0045] The plant cultivation method may further in-
clude, a third step in which, after the second step, an
ozone-containing gas is supplied as the gas into the nu-
trient liquid and the fine bubble-containing nutrient liquid
is sprayed on the leaf surface of the plant.

[0046] With such a configuration, by making the nutri-
ent liquid contain ozone necessary for sterilizing various
bacteria attached to the plant in the form of fine bubbles,
the concentration of ozone near the leaf surface is locally
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improved.

[0047] Therefore, various bacteria attached to the leaf
surface of the plant are sterilized, and diseases and the
like can be prevented.

[0048] Furthermore, the supply pipe 13 is provided,
and the fine bubble-generating medium 26 of the fine
bubble-generating device 20 is configured to be detach-
able from a middle portion of the supply pipe 13.

[0049] With such a configuration, the bubble-generat-
ing medium 26 can be easily attached inside the existing

supply pipe 13.
INDUSTRIAL APPLICABILITY

[0050] The present invention can be used for a tech-
nique of a plant cultivation method and a plant cultivation
device, and more particularly can be used for a technique
of aplant cultivation method and a plant cultivation device
that carry out plant cultivation by supplying a nutrient lig-
uid in mist form.

REFERENCE SIGNS LIST
[0051]

1 plant cultivation device

10  nutrient liquid supply device

11 nutrient liquid tank

12 supply valve

13  supply pipe

20 fine bubble-generating device

21 oxygen storage container

22  carbon dioxide storage container
23  first regulating valve

24 second regulating valve

25 gas passage

26  bubble-generating medium

30 spraying device

40  control device

50  culture soil

60 environment measurement sensor group
70  ozone generating device

Claims

1. A plant cultivation method that uses a nutrient liquid
supply device which supplies a nutrient liquid to a
plant, a fine bubble-generating device which feeds
a gas in a form of fine bubbles into the nutrient liquid
supplied from the nutrient liquid supply device, a
spraying device which converts the fine bubble-con-
taining nutrientliquid into a mist, and a control device
which controls the nutrient liquid supply device, the
fine bubble-generating device, and the spraying de-
vice and carries out plant cultivation by supplying the
nutrient liquid in mist form, the plant cultivation meth-
od comprising:
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a first step in which an oxygen-containing gas

is supplied as the gas into the nutrient liquid and

the fine bubble-containing nutrient liquid is
sprayed on a leaf surface of a plant; and

a second step in which, after the first step, a 5
carbon dioxide-containing gas is supplied as the
gas into the nutrient liquid and the fine bubble-
containing nutrient liquid is sprayed on the leaf
surface of the plant.

10
2. The plant cultivation method according to claim 1
further comprising a third step in which an ozone-
containing gas is supplied as the gas into the nutrient
liquid and the fine bubble-containing nutrient liquid

is sprayed on the leaf surface of the plant. 15

3. A plant cultivation device comprising:

a nutrient liquid supply device that supplies a
nutrient liquid to a plant; 20
afine bubble-generating device thatfeeds agas

in a form of fine bubbles into the nutrient liquid
supplied from the nutrient liquid supply device;

a spraying device that converts the fine bubble-
containing nutrient liquid into a mist; and 25
a control device that controls the nutrient liquid
supply device, the fine bubble-generating de-
vice, and the spraying device,

the control device controlling the nutrient liquid
supply device, the fine bubble-generating de- 30
vice, and the spraying device so as to carry out

a first step in which an oxygen-containing gas

is supplied as the gas into the nutrient liquid and

the fine bubble-containing nutrient liquid is
sprayed on a leaf surface of a plant, and 35
a second step in which, after the first step, a
carbon dioxide-containing gas is supplied as the

gas into the nutrient liquid and the fine bubble-
containing nutrient liquid is sprayed on the leaf
surface of the plant. 40

4. The plant cultivation device according to claim 3,
wherein

the nutrient liquid supply device includes a sup- 45
ply pipe, and

the fine bubble-generating device is configured

to be detachable from a middle portion of the

supply pipe.
50
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